within the caudate, putamen, or nucleus accumbens. depression; human; in situ hybridization; enkephalin; dopaAlso, no significant group differences were apparent group difference (P = 0.027) of the prodynorphin system and classical neurotransmitters such as dopammRNA expression in the caudate nucleus patch comine 6 which has been implicated in both the psychotic partment: suicide subjects expressed higher levels of symptoms and the cognitive deficits that characterize prodynorphin mRNA than that measured in schizo-
schizophrenia (see review).
7 The neostriatum is differenphrenics (P Յ 0.05; Tukey-Kramer), and a similar trend tially organized into patch and matrix neurochemical (P Յ 0.1; Tukey-Kramer) when compared to normal mosaic compartments anatomically connected to limbcontrols (Table 1 and Figure 1 norphin mRNA expression, one subject was found to The mRNA expression of prodynorphin, proenkeexpress very low prodynorphin mRNA throughout the phalin, and D 1 and D 2 receptors was assessed using in entire striatum, which could not be explained by any situ hybridization histochemistry. The hybridization documented clinical information. In the putamen, no signals obtained using selective oligonucleotides or statistically significant group difference was evident in riboprobes complementary to these mRNA transcripts either the patch or matrix compartment. The failure to detect any significant differences in showed unique hybridization patterns and intensities While the present study cannot directly address the expressed in the caudate, putamen, or nucleus accumbens of drug-free schizophrenics is also matched at the state of depression, if any, at the time of death, the fact remains that depression is the single most important protein level; negative results were also obtained for D 1 and D 2 receptor sites using radioligand binding on risk factor for suicide. 18 Moreover, the prodynorphin elevations were predominantly localized in the patch the same postmortem brain specimen currently examined. 13 The lack of D 2 receptor alterations found at compartment of the caudate nucleus which has significant implications for affect, since it is the patch stripostmortem fits with in vivo imaging studies that have failed to detect any alterations of dopamine D 2 receptor atal compartment that receives a greater input from limbic brain regions such as the amygdala 8 and allodensity in drug-free schizophrenic patients.
14 However, D 1 and D 2 receptor and proenkephalin mRNA cortices, 6 in comparison to the matrix which is more closely linked to sensorimotor brain areas. expression were also found to be normal in schizophrenic subjects who had chronic neuroleptic treatAlthough striatal prodynorphin neurons preferentially express D 1 dopamine receptors, 19 no changes ment prior to death. 15 It is feasible that although the D 1 and D 2 receptor sites are major targets of antipsychotic were detected in mRNA expression for this dopamine receptor subtype or for D 2 mRNA expression in the drugs, other dopamine receptor subtypes, eg D 3 and D 4 , that are more tightly linked to the limbic system, are suicide group. Again, the lack of any alteration of the mRNA expression of D 1 and D 2 receptors is consistent affected to a greater extent in schizophrenic subjects. 16 In contrast to the failure to detect any mRNA abnorwith the negative results observed for D 1 and D 2 receptor-binding sites in these subjects 13 and in other suimalities at the level of striatal organization currently studied in schizophrenics, the increased expression of cide victims free of antidepressants prior to death.
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In addition to expressing high levels of prodynorprodynorphin mRNA in the patch compartment of the caudate nucleus provides the first postmortem eviphin mRNA, the human patch compartment is characterized by high receptor-binding sites. 12 Recently, dence of mRNA abnormalities in the striatal opioid peptide system in suicide victims. Administration of opioid receptors were found to be elevated in the striatum of suicide subjects. 21 However, the latter was a biodynorphin-like agents has a potent influence on affect, Figure 1 Autoradiograms showing mRNA expression of prodynorphin in a normal control, suicide, and schizophrenic subject within the caudate nucleus (C), putamen (P), and nucleus accumbens (A). Bar scale is 5 mm. chemical-binding study in which anatomical localizcide abnormalities, serotonin (5HT) activities have been the most often documented observations in suication of the opioid receptor alterations could not be verified, so it remains to be established if the receptor ide victims and those attempting suicide, as well as in patients with depression. Decreased 5HT function in changes are in fact most associated with the patch compartment. Although the receptor and prodynorphin suicide and depression has long been hypothesized, based on reduced CSF 5-hydroxyindolacetic acid in results provide growing evidence for significant alterations of the endogenous opioid system in suicide and suicidal patients, 24 and reduced 5HT reuptake sites 25 and increased 5-HT 2 receptors in postmortem tissue of perhaps affective disorders, receptors are generally most linked with the proenkephalin system because suicide subjects. 26 Consistent with the literature, an increase in 5HT 2 receptor sites was recently confirmed opioid peptides derived from the proenkephalin gene are specific ligands for the receptor sites. 22 In the curin the prefrontal cortex of the same suicide postmortem brain specimens as those examined in this study rent study, we were unable to find any significant alterations in striatal proenkephalin mRNA expression (Ohuoha et al, submitted) . Although the exact presynaptic regulation of 5HT on opioid peptide transmission levels. Prodynorphin-derived peptides instead preferentially interact at opioid receptors; 23 however, to has not been elucidated, it is apparent that a dysfunction of 5HT neurotransmission could have a significant our knowledge, no evidence currently exists as to receptor changes in suicide subjects.
influence on the prodynorphin system. While lesions of mesencephalic dopamine neurons result in a marked While our results implicate opioid function in sui-upregulation of the striatal proenkephalin gene serum toxicology for neuroleptic drugs. Suicide subjects had negative toxicology for antidepressant and expression, these manipulations have weak or variable effects on the expression of prodynorphin mRNA. 27 illicit drugs. Normal subjects had no documented history of psychiatric or drug abuse disorders and toxiInstead, lesions of the dorsal raphe, the major source of 5HT fibers, appear to alter selectively the gene cology was also negative, except for ethanol in the blood of some subjects, which was also detected in expression of striatal prodynorphin as compared to proenkephalin. 28 In addition, depletion of 5HT by parother groups (range up to 0.25%). Demographic information of the groups are listed in Table 2 . achloroamphetamine treatment elevates dynorphinlike immunoreactivity in the substantia nigra, 29 a major The brains were held on wet ice until sectioning into 1.5 cm-thick coronal sections; rapidly frozen in a slurry target of opioid peptide striatal efferent neurons. It is thus feasible that the prodynorphin mRNA expression of dry-ice cold isopentane; and stored frozen at −70°C until the time of sectioning and in situ hybridization changes observed in suicide subjects are secondary to a dysfunction of the 5HT system. histochemistry. Fourteen m-thick sections were taken from blocked striatal tissue and dried onto gelatinIn summary, the apparent abnormal expression of prodynorphin mRNA in the limbic-related striatal subbed glass slides. Right and left sides were randomly used. compartment in suicide subjects illustrates the application of neurochemical markers to detect subtle, but significant, neurobiological alterations associated with
In situ hybridization histochemistry In preparation for in situ hybridization histochemistry, neuropsychiatric disorders. Although the patch/matrix striatal organization provides a unique possibility for tissue sections from the rostral striatum were pretreated as previously described. 12 Briefly, the sections characterizing limbic-vs sensorimotor-related systems in the striatum, it is doubtful that neurochemical were fixed with 4% paraformaldehyde in phosphatebuffered saline, rinsed in phosphate-buffered saline, events within these compartments will serve to dissociate neurochemical imbalances in all psychiatric incubated with 0.25% acetic anhydride in 0.1 M triethanolamine/0.9% saline, rinsed and dehydrated disorders. As evident in the present study, no prodynorphin patch/matrix alterations were observed in through a series of graded ethanols. Synthetic 48-base oligodeoxynucleotides were used for the human proenschizophrenic subjects; however, these subjects had not been on neuroleptic medication at the time of their kephalin (bases encoding amino acid sequence 130-145), dopamine D 1 (bases encoding amino acid death, and any previous neuroleptic treatment might have had long-term effects in regard to returning opioid sequence 706-754) and D 2 (bases encoding amino acid sequence 242-257) receptor cDNAs; and for prodynorpeptide gene expression to 'normal' levels. Altogether, the current prodynorphin mRNA results suggest that phin, RNA probes were used which were complementary to exon 4 of the prodynorphin gene. The oligonuthe opioid system may contribute to the pathophysiology of suicide and perhaps affective disorders. Further cleotide 9,12 and RNA probes 9,10 have been previously characterized showing specific hybridization patterns studies testing this hypothesis will be necessary to replicate this finding and/or understand its relevance to when carried out under the present in situ hybridization conditions. In addition, different probes which suicide and affective disorders.
hybridize to mRNA transcripts with distinct regional patterns of expression were simultaneously studied in Materials and methods the in situ hybridization experiments to further validate the specificity of the hybridization signal. In brief, Postmortem tissue Brain samples used in this study were obtained at autothe oligodeoxynucleotide probes were end-labeled with 35 S-dATP with terminal transferase and tailing psy from the Medical Examiner's Office of the District of Columbia (Washington, DC, USA) by the Section of buffer (25 units l ; New England Nuclear, Boston, MA, USA). 9 In situ hybridization was after gross and microscopic histological examination, including Bielschowsky's silver stain, were excluded.
performed overnight at 37°C (oligonucleotides) or 55°C (riboprobes) with 8 × 10 6 cpm-labeled probe. The secBlood and urine specimens were collected at autopsy for toxicological examination for psychotropic agents tions were subsequently carried through high stringency washes in a buffer containing standard saline citsuch as psychostimulants, neuroleptics, and antidepressant drugs on all subjects. Brain specimens were rate optimized for hybridizations carried out with oligonucleotide or RNA probes, 9 rinsed, and dried. chosen from three groups: schizophrenia, nonschizophrenic suicide, or normal control, matched for age Tissue sections were apposed to hyperfilm for 10-28 days along with 14 C standards (previously correlated and gender. Psychiatric diagnosis was determined by at least two independent psychiatrists according to against 35 S standards) and developed (Kodak). Light transmittance values from different striatal regions DSM III-R criteria. Schizophrenic subjects had been off neuroleptic medication prior to death (exact length of were taken from the film images by use of a light box, MTI CCD72 high-resolution video camera with a Canon time unknown), which was verified by a negative 
